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This report provides a synthesis of work by CCAFS and partners related to food and nutrition 
security (FNS).  Written outputs by CCAFS and partners were evaluated based on indicators 
in the CCAFS Phase II proposal, documents from the CGIAR and the Sustainable 
Development Goals (SDG2 and SDG13).  Complementing the review of written outputs, input 
on relevant additional CCAFS work and suggested future priorities and modalities were 
solicited from staff in the CCAFS Program Management Unit, flagship programs and regional 
programs.   
This synthesis summarizes key contributions and indicates future knowledge-generation 
priorities.  It focuses on the evidence for two thematic areas deemed to be of most 
importance, impacts of climate change on FNS and impacts of climate-related interventions 
on FNS, and by the type of analysis (e.g., empirical versus conceptual). 
Key findings: 
 Work supported by CCAFS and partners made substantive contributions to knowledge of 
linkages between climate change and FNS, including the development of relevant food 
systems conceptual frameworks, empirical assessment of climate change impacts on 
FNS, development of tools relevant for assessment of linkages, and systematic reviews 
of one climate-related intervention (climate smart-agriculture).  These contributions 
were accomplished with limited funding allocated to activities incorporating FNS; 
 Despite these contributions, limitations include a relatively small number of relevant 
studies, absence of an overarching conceptual framework to guide activities and funding 
allocation and lack of consistency with FNS indicators and targets identified in the CCAFS 
proposal documents, CGIAR documents and the SDGS.  Of 70 studies reviewed in detail, 
only 11 directly addressed the impacts of climate change or climate-related 
interventions on appropriate measures of FNS; 
 Taken as a whole, the CCAFS work does not appear to provide sufficient evidence 
related to climate-smart agriculture (CSA) impacts on FNS to meet the criteria identified 
in the TOC for development of field-based evidence.  Only one study (Radeny et al., 




2018) evaluated the impacts on food access (household dietary diversity, not 
micronutrient deficiencies identified as the target SLO) of three CSA approaches 
implemented at a Climate-smart Village site in Kenya, finding modest impacts for one 
category of CSA practices and no statistically significant impacts for two others.  Despite 
this limited evidence, many CCAFS documents discuss positive impacts on FNS based on 
impacts such as yields, production or incomes and even when study designs may not be 
sufficiently robust for causal inference (Eriksen et al. 2018); 
 The work of CCAFS and partners provided limited information regarding how policy 
change or financing could improve FNS in light of climate change. One study (Mason-
D’Croz et al., 2019) evaluated investments required in African countries to enhance 
productivity to offset the effects of climate change on caloric availability.  Nelson et al. 
(2019) recommended policy focus on balanced economic growth and potential 
micronutrient deficiencies given the combined impacts of income growth and climate 
change through 2050; 
 Large gaps remain in the knowledge of linkages between climate change and FNS, 
impacts of interventions, policy initiatives and required financing.  Each of these could 
be the focus of future CGIAR efforts, but perhaps the highest priority is assessment of 
innovations (such as CSA or Digital Climate Advisory Services (DCAS) developed under 
the aegis of One-CGIAR and partners.  The degree to which the organizational structure 
of OneCG will facilitate research on climate change-FNS linkages is not clear at present 
but should be a priority; 
 Design principles for future work include development of knowledge-generation 
activities based on conceptual frameworks linking climate change and FNS (e.g., Bryan et 
al., 2017; Fanzo et al. 2017), measurement of appropriate FNS outcomes aligned with 
over-arching indicators and targets, analysis of impacts on multiple stakeholders (e.g., 
inequality), explicit assessment of pre- and post-farm activities and impacts (e.g., a ‘food 
systems’ approach) as well as intertemporal dynamics, and identification of synergies 
and trade-offs among intervention approaches. 
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Background and scope of work 
During 2021, the CGIAR Research Program on Climate Change, Agriculture and Food Security 
(CCAFS) undertook several synthesis studies of work carried out over the last decade with 
partners. One area of work that needs synthesizing relates to research and stakeholder 
engagement on agriculture, climate change and nutrition. Direct expenditure by CCAFS on 
nutrition and climate change work has been relatively limited, although some effective 
leveraging has taken place.  This report provides a synthesis of CCAFS activities, identifies 
knowledge gaps and suggests design principles and modalities for future work under One-
CGIAR. 
The original intent for this synthesis was a focus on linkages between climate change and 
“nutrition” but this was subsequently broadened to encompass “food and nutrition 
security.”  In the general literature (and in the studies by CCAFS and partners) multiple terms 
related to FNS are used as synonyms, even equating “food security” with “nutrition”.  To 
some extent these definitions are arbitrary, but we define food and nutrition security (FNS) 
consistent with the definition of the Committee for Food Security (CFS, 2012)1: 
when all people, at all times, have physical, social and economic access to food which is safe 
and consumed in sufficient quantity and quality to meet their dietary needs and food 
preferences, and is supported by an environment of adequate sanitation, health services and 
care, allowing for a healthy and active life. 
 
This definition encompasses each of four dimensions of “food security”:  availability, access, 
utilization and stability (Jones et al., 2013), but extends it to consider factors known to affect 
FNS outcomes, such as sanitation, health services and other forms of care.  Note also that 
the focus of the definition is on access (implied at an individual or household level) rather 




1 Some authors, notably Ingram (2020) suggest that the better term is simply “nutrition security” which encompasses food 
security and nutrient security.   





The specific objectives of the synthesis are: 
 A rapid assessment of the over-arching CCAFS theory of change as it relates to food and 
nutrition security (FNS), as laid out in the Phase II proposal.  
 Review the targets and indicators relevant to FNS in CGIAR’s previous Strategy and 
Results Framework and the new One-CGIAR Performance and Results Management 
Framework 2022-2030 and those in two of the Sustainable Development Goals (SDG2 
and SDG13); 
 Review the activities carried out by CCAFS and partners in the climate change-FNS space, 
with reference to 1) and 2) above; 
 Summarize the outputs relevant to FNS produced by CCAFS and partners and their main 
messages, including lessons learned from stakeholder engagement; 
 With input from CCAFS staff, summarize the research, policy and financing gaps in 
climate change-FNS work that need to be filled if SDG2 (no hunger) and SDG13 (climate 
action) are to be attained; 
 Make recommendations on priorities and modalities to approach and link climate 
change and FNS topics for the CGIAR going forward. 
Methods 
The activities undertaken to achieve the objectives included: 
 Assembled an initial list of activities and outputs across the CCAFS regions, flagships and 
partners given recommendations from CCAFS staff and a search of the MARLO database.   
 Delineated criteria for inclusion of work products (generally written outputs) with input 
from CCAFS staff.  Inclusion required a) substantive content on both climate change and 
FNS and b) substantive involvement in the development of the output through CCAFS 
financial support or specific acknowledgment 
 Reviewed existing analytical frameworks that could be used to synthesize the knowledge 
from CCAFS activities and outputs. This included review of existing conceptual 




frameworks linking climate change and FNS outcomes and relevant modifications for 
consistency with the objectives of this project;  
 Communicated with more than 30 CCAFS project leaders and other staff to request 
relevant work products not identified initially, and to solicit input on key messages, 
knowledge gaps and priority implementation actions; 
 Reviewed in detail 70 CCAFS work products determined to be most relevant for this 
assessment and developed summaries. 
Findings and discussion 
Objective 1: Rapid assessment of the CCAFS Theory of Change as it 
relates to FNS 
The Theory of Change (TOC) presented in the CCAFS Phase II proposal provides a reasonable 
framework emphasizing factors that will affect the scaling up of Climate-smart Agriculture 
(CSA) practices and technologies.  Implementation of CSA is the presumed driver of 
achievement of the sub-IDOs, IDOs and SLOs, consistent with the stated overall program 
objective “to catalyse positive change towards climate-smart agriculture, food systems and 
landscapes, and thereby contribute to the SLOs on poverty alleviation, food and nutritional 
security.”  The principal SLO related directly to FNS is Improved food and nutrition security 
for health (Figure 1), which is linked to three IDOs:  equity and inclusion achieved, improved 
diets for poor and vulnerable people, and mitigation and adaptation achieved.  Improved 
food and nutrition security for health is also linked to the SLO for reduced poverty.  CCAFS’ 
overarching TOC (Figure 2) describes 12 relevant hypotheses divided into four action areas:  
1) building field-based evidence, 2) strengthening institutions and services, 3) coordinating 
policy and governance and 4) investing to reach scale.  The focus of the hypotheses is on 
scaling of CSA practices and technologies and mentions of FNS are linked to other outcomes, 
such as policy, finance and gender equity.  Implicit in the TOC is the hypothesis that scaling 
CSA is likely to improve FNS outcomes (which is subsequently listed as a research question 
for CoA2.1 under Flagship 2). 
The CCAFS Phase II Proposal also discusses hypothesized impact pathways for each Flagship, 
three of which include linkages to the FNS-related SLO improved food and nutrition security 




for health.  Flagship 1 indicates that CoA1.2 on Food and nutrition futures under climate 
change will contribute to the sub-IDO “optimized consumption of diverse nutrient rich 
foods2”, the IDO of “improved diets for poor and vulnerable people” and thus the FNS-
related SLO (Figure 3).  Flagship 2 links all of its Co-activity clusters to sub-IDOs and three 
IDOs (“Mitigation and adaptation achieved”, “Equity and inclusion achieved” and “national 
partners and beneficiaries enabled”3) to achievement of the FNS-related SLO (Figure 4).  
Flagship 3 does not show any linkages to the FNS-related SLO in its impact pathways diagram 
(Figure 5).  Similar to Flagship 2, Flagship 4 indicates linkages between all of its Co-activity 
clusters and the FNS-related SLO through the same three IDOs (Figure 6). 
The TOC and related impact pathway diagrams for the four Flagships generally provide a 
relevant framing of potential impact pathways linking CCAFS’s efforts to improvements in 
FNS, although three comments are merited.  First, the evidence base presented for each of 
the linkages in the impact pathways is not always substantive, which implies that many of 
the linkages are hypothesized and the magnitude of impact is uncertain.  Second, although 
the specific metric for “improved food and nutrition security for health” is related to 
micronutrient deficiencies (chosen to align with relevant sub-IDOs; see next section), neither 
the TOC nor the impact pathway diagrams indicate the causal factors more specific to this 
metric.  Finally, the research questions and expected research outputs related to FNS for 
each of the Flagships (Table 2) do not always seem consistent with the hypothesized 
pathways or underlying assumptions in the TOC. 
Objective 2: Review the targets and indicators relevant to FNS in 
the SDGs, CGIAR Documents and CCAFS Proposal 
Targets and indicators for FNS in reviewed documents are diverse and with varying levels of 
specificity (Table 1).  For example, SDG 2 includes higher-level goals focused on FNS4 such as 
ensuring year-round access to safe, nutritious and sufficient food for all people, “ending all 
 
 
2 This phrasing is not clearly defined in the CCAFS Phase II Proposal.  Presumably this allows context-specific delineation and 
probably implies a balance between improved diets and environmental outcomes such as greenhouse gas emissions. 
3 The linkage between this last IDO and the FNS-related SLO is not clearly shown in Figure 1 but is included in the impact 
pathway for FP2. 
4 Note that SDG2 also includes goals related to agricultural productivity and making agriculture more sustainable but these are 
not discussed here because they are not considered directly related to FNS even though they are emphasized in CRP Table 4 
on Alignment of CSA with the proposed SDG indicators.   




forms of malnutrition” and “addressing nutritional needs” for some populations.  SDG2 also 
presents more specific goals, such as eliminating “stunting and wasting”.  Assessment of 
whether progress is being made towards these goals requires specific measurable indicators.  
A variety of metrics could be used for the higher-level goals, whereas only a few metrics 
would be relevant to assess stunting and wasting.  There is limited direct overlap between 
SDG2 and SDG13 on climate change, which focuses on improving resilience and adaptive 
capacity, improved programming and planning and development of individual and human 
capacity to support mitigation, adaptation and early warning.  Achievement of the goals 
under SDG13 would likely have synergies with achievement of SDG2 goals, but these are not 
made explicit in the SDG documents reviewed.   
In contrast to the SDGs, the CCAFS Phase II Proposal focuses on only one more specific 
indicator for an FNS-related SLO: “6 million more people, of which 50% are women, without 
deficiencies in one or more essential nutrients”.  The related IDO is “improved diets for poor 
and vulnerable people” and the sub-IDO is “Optimized consumption of diverse nutrient-rich 
foods.”  The SLO, IDO and sub-IDO can be considered aligned with the components of SDG2, 
although the SDG indicators are less specific.  An additional indicator from the CCAFS 
proposal is listed as an Intermediate Development Outcome (IDO) associated with Optimized 
consumption of diverse nutrient-rich foods under Flagship 1 is the “Number of organisations 
and institutions in selected countries/states adapting plans and directing investment to 
optimize consumption of diverse nutrition-rich foods, with all plans and investments 
examined for their gender implications”.  This is a relevant indicator but could be 
strengthened if the thresholds for concepts such as “adapting plans”, “directing 
investments” and “optimizing consumption” were more specifically defined so that the 
linkage between the number of organizations and actual FNS could be more readily 
assessed. 
Two other metrics relevant to FNS in the CCAFS Phase II proposal are components of cross-
cutting IDOS on “Mitigation and adaptation achieved” and “Equity and inclusion achieved”.  
For the former, the indicator is “Number of countries/states where CCAFS priority setting is 
used to target and implement interventions to improve food and nutrition security under 
climate change” [emphasis added] based on the IDO related to improved forecasting of 
climate change.  Although this is a relevant metric and aligns to some extent with SDG 13, it 




is clearly of a different nature than the extent to which actual mitigation and adaptation are 
achieved or the degree to which FNS is improved.  The second relates to gender control of 
productive assets and resources, using the metric “Number of organizations and institutions 
in selected countries/states adapting their plans and directing investments to increase 
women’s access to and control over, productive assets and resources to improve food and 
nutrition security under climate change” [again, emphasis added].  Similar limitations about 
the strength of inferences to improved FNS based on the number of organizations meeting a 
threshold apply to this metric. 
The CGIAR Strategy and Results Framework 2016-2030 includes specific targets for FNS 
under SL2 Improved food and nutrition security for health (Table 1).  These include separate 
targets for 2022 and 2030 for the number of people (women) meeting minimum dietary 
energy requirements, number of women of reproductive age consuming an adequate 
number of food groups and the number of people (women) without micronutrient 
deficiencies5.  The third of these matches the principal FNS indicator from the CCAFS 
proposal, although the target dates and numbers differ.  The CCAFS Phase II proposal does 
not mention energy requirements or number of food groups.   
The more recent CGIAR 2030 Research and Innovation Strategy (One-CGIAR) rather reverts 
back to the more generalized language of the SDGs, with a target by 2030 of “end hunger for 
all and enable affordable healthy diets.”  In the related Draft CGIAR Performance and Results 
Management Framework 2022-2030, three indicators are listed:  “number of people with 
access to affordable healthy diets”, “number of people who suffer from all forms of 
malnutrition” and “number of people suffering from micronutrient deficiencies”.  Similar to 
the SDGs, the first two are general statements that would imply the need for multiple 
specific metrics, whereas the last is more specific.  Note that the first indicator emphasizes 
the food access dimension of food security (not food availability), and the second 
emphasizes both under-nutrition and over-nutrition (for which different metrics would be 
required).  This document also mentions specific metrics for the “number of people meeting 
 
 
5 SL2 also includes targets for yield increases in major staple crops.  For reasons to be described in more detail further on, FNS is 
probably not the appropriate category for these targets given that increases in yields and production are best considered 
only possible correlates of more specific FNS outcomes. 




minimum energy requirements” (consistent with previous CGIAR documents) and “number 
of people reached with relevant CGIAR innovations”.  It is not clear that either of these 
metrics aligns with the two indicators related to affordable healthy diets and malnutrition. 
In sum, the indicators and targets identified in the CCAFS Phase II proposal do not always 
align with the SDGs or other CGIAR-specified FNS targets, and discussion of the means of 
verification for the FNS-related SLO indicator on micronutrient deficiencies is limited. 
Discussion of targets and indictors 
The documents reviewed on indicators and targets derive from diverse perspectives 
(purposes) and understandably are not entirely consistent in their specification of desired 
FNS-related outcomes or mechanisms to achieve them in a manner that directly addresses 
the impacts of climate change.  The One-CGIAR document is rather high-level, with more of 
the substantive nutrition-related concepts in the “Systems Transformation” Impact Area, 
which includes general statements such as “Focusing on evidence and options for improving 
diets and human health through food systems outcomes, policy research, and technical and 
institutional innovations for making healthy sustainable diets affordable, targeting consumer 
behavior, local urban and informal markets, and social protection.”  There is limited 
language linking climate change to FNS—much of the discussion related to climate seems to 
focus on mitigation.  In contrast, the CGIAR SRF is much more specific about desired FNS 
outcomes. 
Although not listed in the discussion of indicators and targets, the CCAFS Phase II proposal 
lists as a “key research question” on p. 97: “What are the gender, social-, health- and 
nutrition- dimensions of promising CSA options?” [emphasis added].  This suggested that 
some dimensions of FNS would be evaluated under activities CoA 2.1 Participatory 
evaluation of CSA technologies and practices in Climate-Smart Villages (Learning Platform - 
LP2).  The TOC and impact pathway diagrams present reasonable mechanisms to support 
scaling up (with a focus on CSA) but provide limited information about how scaling up will 
result in the desired outcomes (and specifically not with respect to FNS).   
Taken together, there does not appear to be a unifying conceptual framework that guides 
the planning and implementation of knowledge generation and dissemination to address 
climate-change and FNS linkages. 




Objective 3: Review the activities carried out by CCAFS and 
partners linking climate change and FNS 
CCAFS and partners have undertaken numerous activities and produced a considerable 
number of outputs of various kinds.  For this synthesis, it was necessary to narrow the scope 
of materials reviewed.   Materials identified included those provided by the Program 
Management Unit (PMU), the flagships and the regional programs and include those work 
products (primarily written documents) that met two criteria: 
 Included substantive content on both climate change and FNS;  
 Indicated substantive involvement in the development of the output through CCAFS 
financial support or specific acknowledgment. 
Substantive content on both climate change and FNS implied a) representation of FNS 
outcomes in either an empirical or conceptual manner and b) linkage to climate or climate 
change.  Metrics considered more specific to FNS include those in Figure 7, which align with 
the four common dimensions of food security.  Note that this explicitly excludes metrics 
such as yields or production because these are not considered relevant metrics of FNS for 
the purposes of this synthesis.  (A detailed discussion of the limitations of using yields and 
production as indicators of FNS is provided in Appendix 1, excerpted from Nicholson et al. 
2021.)  In addition to discussion of FNS concepts or metrics, linkage to climate or climate 
change issues was required for inclusion in the synthesis. Thus, work such as Bourdier (2019) 
on women’s empowerment and child nutrition outcomes in Ghana that contained no direct 
linkage to climate change would not be considered appropriate for inclusion. 
The process of review for this synthesis used an initial assessment to determine whether a 
document was appropriate for inclusion, often through a review of an abstract or initial 
cursory reading.  The inclusion criteria above meant that a considerable number of 
suggested CCAFS documents were deemed outside the scope of the review.  It is also the 
case that some documents were later found to not meet inclusion criteria when reviewed in 
depth.  Although not meeting inclusion criteria, these documents were included in the 
summaries to highlight the contrast with outputs meeting inclusion criteria.  From hundreds 
of documents initially reviewed, a total of 70 documents were reviewed in more detail. 




The 70 documents meeting the selection criteria were reviewed in depth and each was 
summarized. This summary highlighted the setting, objectives, methods, concepts related to 
climate change, nutrition and food security and their linkages, and key findings.  Each work 
product was also classified based on six thematic areas, with two areas of principal 
importance:  
 The impact of climate or climate change on FNS, or  
 The impacts of climate-related interventions (e.g., CSA) on FNS 
 
Impacts of climate change or climate-related interventions on potential correlates (such as 
yields, production or incomes) were included because some studies reviewed in depth 
focused on these outcomes.  This classification also included five types of analysis or 
activities, e.g., empirical analyses using data versus the development of conceptual 
frameworks (Table 3).   
With a relatively small amount of funding, CCAFS has supported or been acknowledged in a 
diverse body of work with meaningful contributions to understanding the linkages between 
climate change and food & nutrition security (FNS) outcomes.  These include a range of 
publication formats (journal articles, working papers, information notes) and intended 
audiences (academic peers, policy makers, other stakeholders).  CCAFS and partners have 
produced numerous outputs that directly address the impact of climate change on FNS or 
the impacts of interventions.  The notable contributions in these thematic areas are 
discussed in greater detail in the next section.  CCAFS has also supported two publications on 
the impacts of interventions on climate change, e.g., the Springmann et al. (2018) paper 
assessing impacts of taxes on red meat on climate (and non-FNS health indicators).  
Although relevant because of the linkages between climate change and FNS, these two 
papers do not align as directly with the stated goals of understanding and improving FNS for 
specific populations.   
More than half of the outputs reviewed in depth address thematic areas other than the 
impact of climate change on FNS or the impact of climate-related interventions on FNS.  The 
themes are diverse but include: 




 assessments of the degree to which country policies and programs include climate 
considerations (e.g., Amwata et al., 2020); 
 input into mainstreaming climate change, gender, youth and nutrition in IFAD programs 
(e.g., DePinto et al., 2020); 
 country-specific information notes describing production systems (e.g., Hunt et al., 
2019);  
 expected climate change impacts and current nutritional status (e.g., Ringler et al. 2017); 
  reviews of literature on health contributions of agroforestry (Rosenstock et al., 2019); 
 the use of food security indicators in agricultural systems models (Nicholson et al., 
2021); 
 reports of various stakeholder workshops (e.g., Okiror, 2019). 
 
The largest type of analysis is “descriptive”, which means that elements such as climate 
change and FNS are discussed (either conceptually or numerically) but are not explicitly 
linked.  The work of Lammana et al. (2019) on the use of mobile phones to collect nutrition 
data in Kenya and Müller et al (2019) on the co-design of monitoring systems for FNS in 
Guatemala are classified as methods development in this thematic area. 
In addition, the review included 10 of the studies identified as CCAFS work products did not 
indicate any support for CCAFS in acknowledgments and it was often not clear if the authors 
had any direct CCAFS connection.  Moreover, even when CCAFS was acknowledged, the 
extent to which CCAFS provided financial support or intellectual input was often not clear.  
This is suggested by the different phrasings of acknowledgment including “under the 
umbrella of CCAFS”, “implemented as a part of CCAFS” or that funding was provided for one 
co-author of a publication.  Although it was difficult to assess the degree of support and 
involvement of CCAFS and partners, it was deemed appropriate to included discussion of 
these studies in the summary. 
Discussion of CCAFS Work Reviewed 
Despite the broad scope and value of these contributions, the body of work by CCAFS and 
partners has limited focus on FNS-related research questions (e.g., impacts of CSA 




technologies on FNS noted in the CCAFS Phase II proposal) or include the outcome indicators 
(‘number of organizations adapting plans and directing investment’).  
Although CCAFS supported the development of at least two conceptual frameworks linking 
climate change and FNS (Bryan et al., 2017 and Fanzo et al., 2017) there does not appear to 
be any explicit conceptual framework linking climate change and FNS that guided CCAFS 
strategy for knowledge generation and dissemination.  However, there appears to be a 
commonly-held implicit framework that focuses on climate change impacts on crop yields 
and thus leads to the recommendation that the goal should be developing technologies or 
management practices that will offset crop yield decreases.  Yield increases are generally 
assumed to be the primary solution to offsetting climate change impacts on FNS.  Although 
yield-increasing technologies and practices are likely to be important, this perspective seems 
overly simplistic and could be misleading.  First, the perspective of many human nutritionists 
is that food availability (as only roughly proxied by yields) should not be conflated with 
overall food security, particularly given the need to focus on additional dimensions such as 
food access and stability, or the more nutrition-related concept of utilization.  Second, this 
implicit framework generally does not distinguish between different types of farmers and 
how they might be affected differently—all climate change impacts seem to be assumed to 
be negative for all farmers and consumers, although Duffy et al. (2017) note that “the 
identification of potential trade-offs between CSA portfolios and food security goals for 
different categories of farmers” will be important.  This implicit framework also focuses 
primarily on the farm level, without consideration of the broader “food systems” approach 
discussed in Fanzo et al. (2017).  Finally, there is a large literature in agricultural economics 
that suggests yield-enhancing technologies may not always benefit farmers when scaled up, 
so this should not be assumed to apply generally, even under climate change. 
Another related point is that most of the CCAFS-supported studies do not refer to specific 
(measurable) nutrition-related outcomes, only very generalized concepts like “food & 
nutrition security”.  This makes the work more difficult to link to the stated indicators and 
targets from the SDGs, the CGIAR or the CCAFS proposal.  There is limited information in the 
CCAFS-supported work that empirically documents the impacts of climate change on FNS 
outcomes.  The few studies that do (e.g., the regression studies of Duante et al. for the 
Philippines (not dated) and Cooper et al. 2019 for Ghana and Bangladesh) tend to show 




rather ambiguous results and their methods do allow identification of impact pathways.  
There is also limited work identifying and quantifying the impact of recommended practices 
(e.g., CSA) on FNS outcomes (one exception is Radeny et al., 2018), or that undertake a 
systematic evaluation (either ex ante or ex post) for priority-setting related to different 
potential interventions at a context-specific household or community scale. 
Objective 4: Summarize the outputs relevant to FNS produced by 
CCAFS and partners 
Although the previous section noted limitations of the portfolio of work by CCAFS and 
partners linking climate change and FNS, CCAFS work included a number of substantive 
contributions specific to the impacts of climate change on FNS and the impacts of climate-
related interventions on FNS.  
CCAFS and partners supported the development of novel conceptual frameworks linking 
climate change and FNS.  Bryan et al. (2017) reviewed previous literature on pathways 
linking gender, climate and nutrition to develop an integrated gender, climate change, and 
nutrition (GCAN) conceptual framework.  The GCAN framework can be used to guide 
integrated approaches to addressing multiple development challenges in the context of 
climate change by highlighting entry points for action, potential outcomes of various 
responses, and the trade-offs and synergies among outcomes.  One key contribution is 
recognition that actions taken in response to climate shocks and stressors could influence 
well-being outcomes through six possible pathways: a) food production, b) income, c) asset 
dynamics, d) labor, e) natural resources, and f) cooperation.  The framework also highlights 
what the authors note as the “considerable number of linkages, trade-offs, and synergies 
arise across alternative contexts or development outcomes, temporal scales, and different 
groups of people.”  It highlights the potential for “unintended consequences” of 
interventions and relationships and trade-offs between processes and outcomes.  The 
framework developed by Fanzo et al. (2017) adopts what it terms a “food systems” approach 
to “analyze the bidirectional relationships between climate change and food and nutrition 
along the entire food value chain.”  Thus, it emphasizes the need to consider the entire value 
chain rather than only agricultural production to understand the potential impacts of climate 
change and interventions on FNS.  For example, it identifies potential impacts of climate 
change on food loss post-farm (affecting food availability and food access) and on the 




incidence of diarrhea (affecting food utilization).  This document also identifies potential 
adaptation and mitigation interventions for each stage of the food value chain that could 
improve FNS outcomes.  The framework focuses on lower-income rural farmers, a 
population especially vulnerable to the adverse effects of climate change on nutrition.  Both 
of these conceptual frameworks are useful to guide further research because they explicitly 
recognize the potential for multiple impact pathways—many not related directly to yields or 
farm production that have been a focus in much previous literature—and thus multiple 
potential points of impact. They also highlight the need for more disaggregated analysis 
(e.g., different groups of farmers, consumers) and the need to consider both synergies and 
trade-offs.  They thus usefully expand the scope for relevant research, although these 
frameworks alone cannot determine which pathways will be most important and which 
interventions the most effective at improving FNS.   
CCAFS and partners have also made notable contributions to knowledge through literature 
reviews.  Salm et al. (2020) reviewed the literature to understand how the concept of 
inequality was assessed when relating climate change to nutritional outcomes.  It is widely 
recognized that climate change will affect vulnerable populations more, and this review 
synthesized existing knowledge related to the impacts on nutritional outcomes.  The study 
adopted the PROGRESS+ methodology common in systematic reviews of health impacts, 
which evaluates the use of place, race, occupation, gender, religion, education and socio-
economic status, among others.  Moreover, they focused on studies that included nutrition-
specific outcomes such as undernutrition, overweight-obesity, micronutrient deficiencies 
and diet-related non-communicable diseases.  They found that many of the studies 
examined linkages between climate change and nutrition that were related to food security 
outcomes (e.g., food availability), but fewer studies about climate impacts on capacity for 
childcare, health services, water and sanitation that can also be major drivers of nutrition 
outcomes.  They also noted that there is limited information about how social factors affect 
the vulnerability of different groups or how representation of vulnerable groups in decision-
making would contribute to improved nutritional outcomes.   
A second review summarized by Ericksen et al. (2018) considered the empirical evidence 
about CSA and proposed a broadening of scope from CSA to a “climate-smart food system” 
that would include elements other than agricultural production—thus consistent with the 




framework from Fanzo et al. (2017).  This poster reports on a systematic review of literature 
(Constas et al. 2017) published from 2012 to 2017 evaluating the evidence about the 
impacts of CSA on food security, adaptive capacity and(or) mitigation.  The review noted a 
number of serious limitations with the existing body of knowledge related to CSA more 
generally and to FNS more specifically.  In particular, the report noted a) the limited number 
of crops and geographic areas studies, b) a focus on production (yields) but limited work on 
food security, adaptive capacity or mitigation, c) weak causal inference due to poor research 
designs, and d) reliance on simulation exercises (e.g., crop models) without “truly 
contextualized studies” that would enhance external validity.  They also noted in the CSA 
evaluations the absence of a clear understanding of impact pathways leading to FNS.  In 
response, they suggested the “broader view” of a climate-smart food system and more and 
better study designs to document CSA impacts and the trade-offs and synergies among the 
three pillars of CSA (increased productivity and income, reduction in contributions to climate 
change and increased resilience).  This review is of great utility because it documents the 
rather limited evidence linking CSA—a key category of intervention supported by CCAFS 
work—to not only FNS outcomes but also to adaptive capacity and mitigation.  The climate-
smart food system concept appropriately links the general framework from Fanzo et al. 
(2017) to the evaluation of specific (CSA) interventions.  This study is important because the 
CCAFS TOC is predicated on a solid evidence base about the benefits of scaling CSA Figure 2).   
CCAFS and partners have also made notable contributions to the empirical assessment of 
linkages between climate change and FNS.  Cooper et al. (2019) used a regression approach 
including the effects of spatial autocorrelation to evaluate the impact of precipitation on 
anthropometric measurements (weight-for-height z-score WHZ [wasting], height-for-age z-
score HAZ [stunting] and household hunger scale (HHS) of variations in rainfall (a 
standardized precipitation index) in Ghana and Bangladesh.  They found that only some of 
the of the rainfall variables (length of rainfall considered) were associated with differences in 
WHZ, HAZ and HHS and the effects differed in the two countries.  A similar type of study by 
Duante et al. (no date) examined statistically the impacts of typhoons and droughts on 
recommended energy intake (REI) and chronic energy deficit in adults and wasting (WHZ) in 
children.  This study used food security indicators as exogenous regressors, which limited the 
usefulness of the results for present purposes.  However, it is worth noting that the 




indicators in these studies do not align with the stated targets or indicators for CCAFS 
related to FNS. 
A different type of empirical analysis supported in part by CCAFS was modeling work by 
Mason-D’Croz et al. (2019).  This study used the ‘extended’ IMPACT model framework to 
evaluate the impact of investments to improve agricultural productivity in sub-Saharan 
Africa at a regional aggregation level.  This study used metrics of the average food 
availability (kcal/person/day) and then the “prevalence of hunger” (although the article itself 
does not provide information about how food availability is converted to this latter 
measure).  The study found that climate change will continue to slow projected reductions in 
hunger in the coming decades—increasing the number of people at risk of hunger in 2030 by 
16 million in Africa compared to a scenario without climate change.  Investments to increase 
agricultural productivity can offset the adverse impacts of climate change and help reduce 
the share of people at risk of hunger in 2030 to five percent or less in Northern, Western, 
and Southern Africa, but the share is projected to remain at ten percent or more in Eastern 
and Central Africa.  Beach et al. (2019) assessed the impacts of income growth, climate 
change, and reductions in crop nutrient content (due to higher atmospheric CO2) also using 
the IMPACT model.  They found that in general micronutrient availability was increased by 
2050, despite negative impacts of reductions in crop nutrient content.  Nelson et al. (2019) 
used the IMPACT model to assess nutrient availability in 2050 under economic growth and 
climate change, finding increased nutrient availability but still inadequate availability of iron, 
zinc, vitamin A and vitamin K in the lowest-income regions. Each of these studies 
acknowledges the need for additional disaggregation (e.g., within countries and to the 
household level) and assess only food availability, not access or utilization.  Although the 
results focus on micronutrient availability they do not directly correspond to indicators and 
targets in the CCAFS Phase II proposal about the proportion of population without 
micronutrient deficiencies. 
CCAFS and partners have also made contributions to methods development for the 
assessment of climate change impacts on FNS.  Cramer et al. (2017) proposes a framework 
and offers a number of recommended methodologies and tools to measure how the climate 
change and FNS affect one another.  This working paper essentially documents a toolkit of 
methods that can be useful in making linkages between climate change and FNS.  These 




include the development with stakeholders of food and nutrition scenarios, regionally-
aggregated modeling with IMPACT (and post-solve calculations), a gender toolbox, data 
collection tools such as RHoMIS (Hammond et al., 2018), and the establishment of 
Climate Smart Villages to facilitate assessment of CSA practices and technologies.  
For each, there is a description, a discussion of the type of results and outputs and 
implementation cases.  Although this document does not directly apply the set of tools to 
analyze climate change-FNS linkages, it is a highly useful description of tools that could be 
used to explore those linkages.  Duffy et al. (2017) also contributed to methods development 
by reviewing the metrics that could be used to assess outcomes from CSA.  They motivate 
their work noting that it is necessary to have robust metrics and indicators for measuring 
progress towards CSA-related goals.  They reviewed a range of gender, poverty, food 
security, nutrition and health indicators relevant for national planning processes for CSA 
promotion and scale out.  Indicators related to FNS included prevalence of people 
undernourished, prevalence of child stunting and prevalence of child wasting6.  Description 
of the indicators is the focus, not assessment of linkages with climate change.  Both of these 
studies are important because they address the statement in Duffy et al.: “Gender, poverty, 
food security, nutrition and health indicators have not been extensively used in CSA 
programming and planning to date.”  Studies by Müller et al. (2019 and 2020) are also 
relevant for methods development because they describe the co-design process with 
stakeholders for more actionable monitoring of seasonal hunger and the institutional and 
organizational factors that affect the use of FNS monitoring data in decision making. 
CCAFS and partners have made some contributions to the assessment of how interventions 
affect FNS.  The principal CCAFS output in this thematic area is the working paper by Radeny 
et al. (2018).  This study employed quasi-experimental approaches to analyze the uptake and 
impact of CSA technologies (improved multiple stress-tolerant crop varieties, improved and 
better adapted livestock breeds and integrated soil and water conservation measures) 
promoted in climate-smart villages (CSV) of Kenya.  To evaluate FNS, they used the 
Household Dietary Diversity Scale (HDDS), which is a household-level measure of food 
 
 
6 They also include in their discussion of “food security, nutrition and health” indicators metrics such as proportion of 
population with access to electricity, proportion of population not relying on solid fuels for cooking, child mortality rates, 
fertility rates and literacy but these are less clearly related to FNS so are not mentioned above. 




access.  Because baseline data were not collected outside the CSV, a preferred study design 
using difference in differences (DiD) was not possible, so Propensity Score Matching (PSM) 
was used for adopters and non-adopters of CSA technologies to assess impacts on HDDS.  
The study found rather modest impacts of adoption of stress-tolerant crop varieties (an 
increase of 0.5 in the HDDS value, equivalent to a mean increase of half a food group7) but 
also noted in their assessment of the PSM results that “some of the critical values for hidden 
bias are quite low, indicating potential for hidden bias that would invalidate our findings.”  
Use of better-adapted livestock breeds and soil and water conservation measures did not 
improve HDDS by an amount statistically significant at the 5% level.  This study is important 
because it is one of the only CCAFS-supported studies that attempted to evaluate how CSA 
affect FNS outcomes, it suggests how future study designs might be improved, and 
documents that the FNS impacts of CSA are likely to vary (and may not exist for some CSA 
and contexts) and thus require empirical assessment.  Another study, Recha et al. (no date) 
reported on results of a “citizen’s science” project providing access to seeds for improved 
bean, finger millet and durum wheat varieties in Uganda and Ethiopia.  They collected 
information about FNS using the Household Food Insecurity Access Scale (HFIAS), an 
internationally-validated measure of food access, and an indicator of the number of “food 
insecure months”.  Given the study design, it is difficult to attribute patterns observed in the 
FNS metrics to the use of the improved seed varieties, but this was the only one of the 
CCAFS-supported studies that used HFIAS to describe the food access dimension of FNS. 
In sum, a number of CCAFS-supported studies (albeit relatively small) have made substantive 
contributions to understanding climate change-FNS linkages.  For the most part these 
studies appear to been supported as targets of opportunity, rather than as specific actions 




7 Although the study implies that this is a substantive improvement (citing a percentage increase), the definition of the HDDS 
(https://inddex.nutrition.tufts.edu/data4diets/indicator/household-dietary-diversity-score-
hdds?back=/data4diets/indicators) notes “the indicator has not been validated against any standard of adequacy to allow a 
judgement on what number of food groups constitute a ‘sufficiently diverse,’ versus ‘not sufficiently diverse’ diet at the 
household level. There is no universally accepted cut-off for this indicator that could separate households that have a 
‘sufficiently diverse’ diet from those that do not.”  Thus, although an improvement is reported as statistically significant it is 
not possible to determine based on the magnitude of the increase to how meaningful this increase is to improvements in 
household welfare. 




Objective 5:  Summarize the research, policy and financing gaps in 
climate change-FNS work 
The review of previous CCAFS-supported work indicates multiple important knowledge gaps, 
many of which were acknowledged in the publications themselves (Appendix 2) or identified 
in the comments provided by CCAFS flagship and regional program staff (Table 3).  Priorities 
for knowledge to improve FNS outcomes include: 
 Improved quantitative understanding of the impacts of climate (e.g., rainfall, 
temperature, flood, drought, heat) on FNS outcomes, particularly at household and 
individual levels level (rather than aggregated regional analyses).  The work of Cooper et 
al. (2019) is an example using a statistical approach without direct consideration of 
impact pathways; 
 Improved quantitative understanding of the pathways of impact of climate change on 
FNS at the household and individual levels, including impacts not directly related to 
yields, production or farms.  The ‘food systems’ frameworks proposed by Fanzo et al 
(2017) and Ericksen et al (2018) highlight the need to consider climate change impacts 
post-farm, and Ringler (interview data) noted that this would also include the impacts of 
climate on water access and quality, heat stress, and migration.  There is also a need to 
understand how populations will be affected differently (per Salm et al. 2020) and the 
role that empowerment of women might play in mitigating negative impacts on FNS 
outcomes; 
 Improved quantitative understanding of how interventions, especially CSA, affect 
household-level FNS outcomes as well as the other three pillars of CSA.  The work of 
Radeny et al. (2018) is a first step by CCAFS in this direction, but the results of that study 
and others, e.g., Haq et al. (2021), suggest that the impacts of CSA on FNS may be highly 
variable and should not be assumed to be positive (or large).  Other CCAFS efforts such 
as Digital Climate Advisory Services (DCAS) should also be evaluated, per comments 
from the staff of the flagship on Climate Information Services and Climate-informed 
Safety Nets (Table 3).   
 
Future work by CGIAR scientists could address all of these knowledge gaps, but a priority 
would be to assess the interventions (like CSA, CSV and DCAS) that have been developed and 




implemented under the aegis of CGIAR organizations and partners.  As noted above, the TOC 
for CCAFS is predicated on a solid evidence base about the benefits of scaling CSA, the 
development of decision tools and to inform priority setting.  The evidence base with regard 
to linkages between CSA and FNS is too limited at present to provide reliable guidance for 
priority setting.  However, previously-developed conceptual ‘food system’ frameworks, 
(Ericksen et al., 2018) and data collection methods (Cramer et al. 2017) provide a strong 
basis for the design and implementation of future work. 
The work of CCAFS and partners does not include any quantitative analyses of the 
impacts of policy on how climate change affects FNS outcomes.  Some CCAFS studies 
mention high-level policy recommendations (e.g., Beddington et al., 2012; Mason 
D’Croz et al., 2019; Nelson et al. 2019).  The analysis of Nelson et al (2019) concludes 
with general policy recommendations to support balanced economic growth and 
focus research and development efforts on crops with provide micronutrients that 
are more likely to be limiting, but also to make policy and research responses 
location-specific.  Three studies (primarily in East Africa, e.g., Mungai et al., 2020) 
review the degree to which climate has been included in national policy and program 
documents.  More commonly, CCAFS outputs mention that the information 
generated can inform policy formulation (e.g., Bamanyaki and Muchunguzi. 2020) 
without more detailed consideration of how the information provided will be useful 
in decision making.  This can also be considered a substantive knowledge gap, one 
which limits the ability to identify what modifications to policy (i.e., ‘policy gaps’) 
would best support improvements in FNS under climate change. 
Similarly, only one CCAFS-supported study (Mason-D’Croz et al., 2019) addresses 
financing with linkages to climate change and FNS.  That study identified the need for 
investment of $15 billion per year in African countries during 2015 to 2030 to 
achieve productivity gains that could largely offset the impacts of climate change on 
estimated per capita caloric availability.  Thus, the financing needed to implement 
research or policy initiatives can be considered another substantive knowledge gap. 
Objective 6: Recommendations on priorities and modalities to 
approach and link climate change and FNS 
The priorities for future work on climate change and FNS follow directly from the knowledge 
gaps in the previous section.  (Additional comments from reviewed publications are 
indicated in Appendix 2).  A useful first step could include an updated systematic review of 




the current state of knowledge about linkages between climate change and FNS8, and 
impacts of interventions such as CSA—extending and updating the work of Constas (2017) 
reported in Ericksen (2018).  These reviews could further highlight knowledge gaps and 
opportunities for which knowledge-generating activities could be implemented and identify 
potential additional collaborators for future work. 
Specific knowledge-generating priorities include: 
 Quantitative assessment of the impacts of climate and climate change on FNS 
particularly at the household and individual levels; 
 Quantitative assessment of the of the impacts of climate-related interventions on FNS, 
particularly at the household and individual levels; 
 Quantitative and conceptual assessment of the impact pathways linking climate change 
and FNS at the household level, with a particular emphasis on post-farm activities, 
gender roles and empowerment, impacts on water access and quality, heat stress 
impacts on labor productivity and migration.   
 Quantitative assessment of how policy initiatives can improve FNS outcomes in light of 
climate change, as well as funding requirements for implementation of knowledge-
generating activities, relevant development programs and policy change. 
 
The emphasis on both households and individuals in the above has important implications 
for the metrics and data collections strategies.  Substantive consideration of nutritional 
status, especially the micronutrient status mentioned in the sub-IDO, requires assessment of 
individual micronutrient status.  It is undoubtedly not feasible for every future project to 
collect this information (blood sampling often would be required), but a subset of projects 
for which this is more feasible should be identified and such data collected.  Collection of 
these data would be relevant for the assessment of other research, including the 
development of crop varieties that are higher in micronutrients, projects to increase dietary 
diversity and efforts at climate change adaptation (or risk mitigation).  Assessment will 
 
 
8 Over 100 relevant studies on this theme were identified in the broader literature but have not yet been 
reviewed. 




require actual individual measurements, not only the availability metrics and proxy 
indicators common in the global modelling studies.  
For each of these activities, a common set of design principles is likely to apply, including: 
 Use of a conceptual framework such as those in Bryan et al. (2017) and Fanzo et al. 
(2017) that consider elements other than agricultural production and multiple impact 
pathways between agriculture and FNS outcomes.  A ‘food systems’ or ‘value chain’ 
framework (Nicholson et al., 2021) will be appropriate for many knowledge-generating 
activities and, when appropriate, implemented as participatory processes (Nicholson 
and Monterrosa, 2021); 
 Use of appropriate and specific metrics for measurement of FNS outcomes (e.g., those in 
Figure 7 and discussed in Appendix 1).  Specifically, potential correlates such as yields, 
production or incomes can be measured but should not be used alone to make 
inferences about FNS.  It will often be desirable to assess a number of FNS indicators, not 
only one and to align levels of analysis with metrics: availability is often considered at 
the national level, food access at the household level and utilization at the individual 
level (see Appendix 1 for additional details); 
 Research designs that result in robust casual inference, preferably implemented across a 
number of contexts to identify commonalities and facilitate comparisons.  Study designs 
often should allow explicit assessment of synergies and trade-offs, for example, between 
FNS outcomes and other pillars of CSA and evaluate the impacts of scaling up (i.e., 
widespread adoption);  
 Outcomes should be assessed for different groups based on characteristics such as those 
in the PROGRESS+ framework used in Salm et al. (2020).  In particular, there may be 
differences in impacts for farm households who are net buyers of food versus net sellers 
of food.  Previous studies (e.g., Nicholson et al. 2021) have noted that many farm 
households are net buyers rather than net sellers.  Impacts that affect non-farming 
households, for example, through market impacts of scaling should also be considered.  
Often, this will require additional input from social scientists regarding behavioral 
responses; 
 The aggregated effects of scaling interventions should be assessed ex ante to better 
anticipate any unintended consequences.  A large body of agricultural economics 




literature suggests that scaled technology adoption can result in lower incomes for 
farmers, especially those not adopting new technologies or practices.  Simões et al. 
(2019) provide an example of this with a dynamic analysis of scaled adoption of 
improved dairy cattle feeding; 
 More attention to intertemporal dynamics and stability impacts of climate change and 
climate-related interventions, with statistical analysis of panel data and dynamic 
simulation models of appropriate spatial and temporal granularity; 
 Coordination of knowledge-generating activities so that they provide greater synergies 
and align more closely with the stated targets and indicators of the CGIAR overall and for 
specific programs such as CCAFS. 
 
Implementing knowledge-generating designs with these principles could face challenges.  
First, the above suggests an expanded set of activities with broader scope and a larger 
number of studies to allow comparisons and synthesis.  This would require additional 
funding for both researchers with relevant expertise and for project implementation at a 
time when future funding streams and allocation priorities are uncertain.  In addition, a 
number of the CCAFS staff interviewed for this synthesis identified institutional constraints, 
including:  a) need to generate short-term results for fear of losing certain funding streams, 
b) incentives or requirements to use datasets from certain sources (and a limited number of 
countries), c) funding that constrained consideration of both climate and FNS linkages 
because their focus was on one or the other, and d) limited access to the expertise of 
nutritionists for study design.  It is unclear at present how the evolving design of the 
OneCGIAR organizational structure might ameliorate (or worsen) these institutional 
constraints but identifying constraints may be useful for identifying potential steps to limit 
their impact.  One approach to develop insights to facilitate future work on FNS-climate 
change linkages would be an invitational workshop for relevant CCAFS staff and external 
researchers.  Objectives for the workshop could include a) reviewing the accomplishments 
and limitations of CCFAS activities related to FNS, b) discussing knowledge gaps for climate-
FNS linkages, per the suggestion for a systematic review above, c) further delineating 
institutional constraints within the CGIAR and d) identifying opportunities and modalities for 




future FNS-climate change research and engagement in the new One-CGIAR institutional 
environment. 
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Figure 1. System-Level Outcomes (SLO), Intermediate Development Outcomes (IDOs) 
and sub-IDOs for CCAFS (CRP Figure 1. from CCAFS Phase II Proposal) 
CCAFS Full Proposal: 2017-2022 
 
 









Figure 2.  Theory of change diagram for the CCAFS, with envisaged change mechanisms, 
hypotheses and some key partners (CRP Figure 2 from CCAFS Phase II Proposal) 
CCAFS Full Proposal: 2017-2022 
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partners to ensure that CGIAR research is fully embedded into development cycles, and, vice versa, 
development embedded into research cycles. This will be done through a LP on Partnerships and 
Capacity for Scaling CSA. In terms of structure, this platform will include five RPLs and a Global Research 
Leader on Scaling CSA (CRP Figure 6) as well as communications and capacity development staff, taking 
forward a core team of staff from Phase I. Through this explicit and committed investment in impact 
pathways beyond research, with clear targets, CCAFS will make pathways from research to impact more 
measurable for performance evaluation, including value for money. The LP will aim to position the 










Figure 3.  Flagship 1 Priorities and Polices for CSA  Impact Pathways linking CoAs with 
sub-IDOS, IDOs and SLOs (FP1 Figure 1 from CCAFS Phase II Proposal) 
CCAFS Full Proposal: 2017-2022 
 
 






2.1.1.3 Impact pathway and theory of change (for each individual FP) 
FP1’s impact pathway is shown in FP1 Figure 1 and the FP’s ToC is explained by the assumptions and 
strategy below. Partnership is critical to the ToC, including working with other CRPs and drawing on 
other CCAFS FPs to deliver on outcomes. Developing the capacity of key actors in the impact pathway 
from high-level investment to local institutions is central to envisaged change (see Section 2.1.1.10). The 
CCAFS LP on partnerships and capacity for scaling CSA will be a key route to achieve impact via 
engagement with public policy and business strategy at national to global levels. The FP1 ToC is aligned 
to the CRP ToC. 
FP1’s ToC is that by improving enabling policy environments and catalyzing the increase of targeted 
investments across scales, food security can be improved in a changing climate. Research results will be 
used to engage with stakeholders: global actors directing finance to developing countries and national 
governments investing to help overcome constraints to scaling. Ample evidence exists of the links 
between improved nutrition and poverty reduction via increased productivity, capacity to participate in 
the economy, and cognitive development (World Bank 2006; IFPRI 2015). Achieving food security is 
recognized as a parallel process with development and poverty reduction (Misselhorn et al. 2012). While 





Figure 4.  Flagship 2 Climate Smart Technologies and Practices Impact Pathways linking 
CoAs with sub-IDOS, IDOs and SLOs (FP2 Figure 1 from CCAFS Phase II Proposal) 
 
CCAFS Full Proposal: 2017-2022 
 
 




2.2.1.3. Impact pathway and theory of change (for each individual FP) 
The impact pathway for FP2 is shown in FP2 Figure 1. The primary outcome for FP2 is to provide 
incentives (financial, technical and policy) to support 6 million farmers to adopt climate-smart practices 
and technologies, which explicitly contribute to increased resilience to climate shocks across a range of 
time-scales. This is to be achieved through engagement with key donors, governments and local 
institutions to invest in projects and programs that incentivize adoption. FP2 will produce and 
appropriately disseminate evidence and information to support these investments, making the business 
case for the best-bet CSA options for target geographies and beneficiaries. 
In developing the FP2 ToC with partners, some key knowledge gaps were identified to achieve the 
targets proposed, and the CoAs have been constructed around the knowledge gaps. Research in Phase I 
and the Extension phase demonstrated that agricultural research has not taken a CSA lens to evaluate 
the benefits, cost and trade-offs of a particular agricultural technology or practice (also see Branca et al. 
2011), with fewer than 1% of studies examining all three CSA pillars (Rosenstock et al. 2015). 
Notably, in the context of developing economies where adaptation is a priority, little is known about the 
mitigation effects of different adaptation strategies and vice versa (see e.g. Müller et al. 2015; Lobell et 
al. 2013). Even less knowledge is available on targeted, gender-responsive impacts on women's labour, 
gendered barriers to control of productive resources, and lack of access to information services 
(Twyman et al. 2014; Jost et al. 2015) and cross-commodity CSA portfolios (combinations of 





Figure 5.  Flagship 3 Low-Emissions Development Impact Pathways linking CoAs with 
sub-IDOS, IDOs and SLOs (FP3 Figure 2 from CCAFS Phase II Proposal) 












Figure 6.  Flagship 4 Climate Services and Safety Nets Impact Pathways linking CoAs 
with sub-IDOS, IDOs and SLOs (FP4 Figure 1 from CCAFS Phase II Proposal) 
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Table 1.  Summary of FNS-Related Indicators and Targets from SDGs, CCAFS and CG Documents 
Document, Category Indicators Target (date) Beneficiaries 
Transforming our world: the 2030 Agenda for Sustainable Development 
SDG 2: End hunger, achieve food security and improved nutrition and promote sustainable agriculture 
2.1 
Ensure access to safe, nutritious and sufficient 
food all year round 
By 2030 
All people, in particular the poor and 
people in vulnerable situations, 
including infants 
2.2 End all forms of malnutrition By 2030 
Implies for all people, but not stated 
directly 




Children under 5 years of age 
2.2 Address nutritional needs By 2030 
Adolescent girls, pregnant and lactating 
women and older persons 
SDG 13:  Take urgent action to combat climate change and its impactsa 
13.1 
Resilience and adaptive capacity to climate-
related hazards and natural disasters 
  
13.2 
Integration of climate change measures into 
national policies, strategies and planning 
  
13.3 
Education, awareness-raising and human and 
institutional capacity on climate change 
mitigation, adaptation, impact reduction and 
early warning 
  
CCAFS Phase II Proposal, CRP Table 1 
SLO Improved food and 
nutrition security for 
health 
Additional people (50% women) without 
deficiencies in one or more essential 
micronutrients 
by 2022, 6 million 
All people, but with an indicated 
proportion who are women (at least 3 
million women) 
CCAFS Phase II Proposal, CRP Table 3 




Document, Category Indicators Target (date) Beneficiaries 
IDO: Improved diets for 
poor and vulnerable 
people; sub-IDO: 
Optimized consumption 
of diverse nutrient-rich 
foods 
Number of organisations and institutions in 
selected countries/states adapting plans and 
directing investment to optimize consumption 
of diverse nutrition-rich foods, with all plans 
and investments examined for their gender 
implications 
By 2022, 14 
organizations or 
institutions 
Poor and vulnerable people 
CCAFS Phase II Proposal, CRP FP1 Table 1 FP1 Outcomes and their targeted delivery over time 
Cross-cutting IDO on 
Mitigation and 
Adaptation Achieved; 
sub-IDO:  Improved 
forecasting of climate 
change and targeted 
technology development 
Number of countries/states where CCAFS 
priority setting is used to target and implement 
interventions to improve food and nutrition 
security under climate change 
By 2022, 20 
countries/states 
Not explicitly specified 
Cross-cutting IDO on 
Equity & Inclusion 
Achieved; sub-IDO:  
Gender equitable control 
of productive assets and 
resources 
Number of organizations and institutions in 
selected countries/states adapting their plans 
and directing investments to increase women’s 
access to and control over, productive assets 
and resources to improve food and nutrition 
security under climate change 
By 2022, 20 
countries/states 
Not explicitly  specified 
CGIAR STRATEGY AND RESULTS FRAMEWORK 2016-2030b 
SL2 Improved food and 
nutrition security for 
health 
Rate of yield increase for major food staples 
By 2022, from 1.2-
1.5% per year 
 
 Rate of yield increase for major food staples By 2030, 2.5%per year  
 Number of people (50% women) meeting 
minimum dietary energy requirements 
By 2022, 30 million 
increase 
All people, but with an indicated 
proportion who are women 
 Number of people (50% women) meeting 
minimum dietary energy requirements 
By 2030, 150 million 
increase 
All people, but with an indicated 
proportion who are women 




Document, Category Indicators Target (date) Beneficiaries 
 
Number of people (50% women) without one 
or more micronutrient deficiencies (Fe, Zn, I, 
vitamin A, folate, vitamin B12) 
By 2022, 150 million 
increase 
All people, but with an indicated 
proportion who are women 
 
Number of people (50% women) without one 
or more micronutrient deficiencies (Fe, Zn, I, 
vitamin A, folate, vitamin B12) 
By 2030, 500 million 
increase 
All people, but with an indicated 
proportion who are women 
 
Number of women of reproductive age who 
are consuming less than the adequate number 
of food groups 
By 2022, 10% 
reduction 
Women of reproductive age 
 
Number of women of reproductive age who 
are consuming less than the adequate number 
of food groups 
By 2030, 33% 
reduction 
Women of reproductive age 
CGIAR 2030 Research and Innovation Strategy Transforming food, land and water systems in climate crisisb 
Nutrition, Food Security 
and Health 
End hunger for all and enable affordable 
healthy diets 
By 2030, 3 billion 
people 
People who do not currently have 
access to safe and nutritious food.  
Climate Adaptation and 
Mitigation 
National Adaptation Plans and Nationally 
Determined Contributions to the Paris 
Agreement.  
By 2030, implement 
all components of 
Paris Agreement 
 
 More people resilient to climate shocks 
By 2030, 500 million 
increase 
Small-scale producers 
 Climate adaptation solutions available through 
national innovation systems 
Not stated directly, 
but presumably 
sufficient for 500 
million people 
Small-scale producers 
 Agriculture and forest systems into a net sink 
for carbon 
By 2050  
 Emissions from agriculture 
By 2030, reduction of 
1 Gt per year 
 




Document, Category Indicators Target (date) Beneficiaries 
 Emissions from agriculture 




Fill data and knowledge gaps to provide 
tangible contributions to meeting national and 
global targets on nutrition… 
  
 
CGIAR will tackle nutrition by developing 
innovations for making healthy sustainable 
diets affordable… 
  
Draft CGIAR Performance and Results Management Framework 2022-2030b 
Nutrition, health & food 
security  
Number of people with access to affordable 
healthy dietsc 
By 2030, 8.5 billion 
people 
All people 
 Number of people who suffer from all forms of 
malnutritionc 
By 2030, Reduction of 
690 million 
All people suffering from malnutrition 
 Number of people suffering from micronutrient 
deficienciesc 
By 2030, Reduction of 
2 billion 
All people suffering from micronutrient 
deficiencies 
a Goals for SDG13 related to climate change are included here for reference to Objectives 2 and 5 although they do not explicitly concern FNS. 
b Note that these are CGIAR goals more generally, and are not specific to CCAFS. 
c In addition to these general indicators, this document mentions specific metrics:  “number of people reached with relevant CGIAR innovations”, “number of people meeting 
minimum dietary energy requirements”, and “number of people meeting minimum micronutrient requirements”.  The last of these seems to align with the indicator 
“number of people suffering from micronutrient deficiencies” but the alignment between the other two metrics and indicators is less clear.  In particular, the “number of 
people with access to affordable diets” should not be equated with people who have adopted CGIAR innovations. 
  




Table 2.  Summary of Research Questions and Expected Outputs by CCAFS Flagship and Co-Activity Cluster, CCAFS Phase II Proposal 
Flagship, Co-Activity Category Research Questions Expected Research Outputs 
Flagship 1:  Priorities and Policies for 
CSA 
  
CoA 1.1 Ex-ante evaluation and priority 
setting for climate-smart options 
(Learning Platform - LP1)  
None specific to FNS None specific to FNS 
CoA 1.2 Food and nutrition security 
futures under climate change  
  
 
How can macro-level modelling tools be 
complemented with micro-modelling of consumer 
behaviour to assess and project food security 
futures at multiple scales and across sectors 
(health, environmental sustainability, economic 
viability), as well as be responsive to stakeholders’ 
elicitation of established and understudied drivers 
of food security, such as gender, education and 
governance?  
A toolbox of state-of-the art micro-level models of 
nutrition behaviour of individual consumers and 
macro-level models of natural resource use, food 
system activity, consumption and nutrition, with 
long-term time horizons and opportunities, for the 
quantification of future scenarios and the 
exploration of levers for innovation and policy 
reform.  
 
What are the most successful approaches for 
creating multi- dimensional and multi-level 
scenarios of climate impacts (including extreme 
weather events) on food security, and why are they 
successful in comparison with other processes?  
Combined climate and food security scenarios 
developed across regional, national and 
subnational levels, with a link to global level 
scenarios, focusing on policy implementation 
across levels.  
CoA 1.3 Enabling policy environments 
for CSA  
  




Flagship, Co-Activity Category Research Questions Expected Research Outputs 
 
How is scientific information about climate change 
and its likely impacts on agriculture, food security, 
and livelihoods best co-designed with, packaged for 
and communicated to different stakeholders for 
integration into decision-making?  
Syntheses of case studies of selected regional and 
global bodies and comparative analyses of current 
and emerging climate-related food security policies 
and “good practice” guidelines on engagement 
with national planners, and relevant international 
institutions, in different sectors. 
 
What are strengths and weaknesses of emerging 
food security policies in relation to climate change 
and effects on different beneficiaries?  
Monitoring and evaluation and impact assessment 
of climate and food security policy processes and 
their effectiveness.  
Flagship 2:  Climate-Smart 
Technologies and Practices 
  
CoA 2.1 Participatory evaluation of CSA 
technologies and practices in Climate-




What are the gender-, social-, health- and 
nutrition- dimensions of promising CSA options?  
None specific to FNS 
 
How do we know if CSA is effective and for whom?   
CoA 2.2 Evidence, investment planning 
and application domains for CSA 
technologies and practices  
None specific to FNS None specific to FNS 
CoA 2.3 Equitable subnational 
adaptation planning and 
implementation  
None specific to FNS None specific to FNS 
CoA 2.4 Business models, incentives 
and innovative finance for scaling CSA  
None specific to FNS None specific to FNS 
In the gender section:   




Flagship, Co-Activity Category Research Questions Expected Research Outputs 
 
FP2 will contribute to the gender and youth IDOs 
by identifying trade-offs of food security, 
adaptation and mitigation of CSA technologies and 
practices and whether they differ for men and 
women, young and old.  
None specific to FNS 
Flagship 3:  Low-Emissions 
Development 
  
CoA 3.1 Quantifying GHG emissions 
from smallholder systems  
None specific to FNS None specific to FNS 
CoA 3.2 Identifying priorities and 
options for low-emissions 
development (Learning Platform - LP3)  
None specific to FNS None specific to FNS 
CoA 3.3 Policy, incentives and finance 
for scaling up low emissions practices  
  
CoA 3.3.1 Scaling up LED  None specific to FNS None specific to FNS 
CoA 3.3.2 Responsible finance and 
standards for supply chain governance  
None specific to FNS None specific to FNS 




What are promising cost-effective interventions 
(e.g. infrastructure with lower GHG footprints, 
regulation and accountability mechanisms in the 
private sector) and their potential impacts on food, 
nutrition and emissions?  
None specific to FNS 
 
Review of existing policies, policy barriers and 
synergies between FLW reduction measures with 
other policy domains (e.g. animal health, food 
security, feed hygiene and safety, trade).  
 




Flagship, Co-Activity Category Research Questions Expected Research Outputs 
Flagship 4: Climate Services and Safety 
Nets 
  
CoA 4.1 Climate information and early 
warning for risk management  
  
 
Can probabilistic seasonal forecasts be integrated 
with models of production, price, and household 
food security, to develop a rigorous predictive 
component to food security information systems?  
Methods and tools to improve agricultural 
monitoring systems; forecast impacts of seasonal 
climate and extreme events on crops and biological 
threats; and extend the lead time and accuracy of 
food security early warning systems;  
CoA 4.2 Climate information and 
advisory services for farmers  None specific to FNS 
Tools and evidence to improve the nature, timing 
or targeting of climate-informed agricultural 
planning and food security interventions.  
CoA 4.3 Weather-related agricultural 
insurance products and programs 
(Learning Platform – LP4)  
None specific to FNS None specific to FNS 
CoA 4.4 Climate services investment 
planning and policy  
  
 What are the costs and benefits of alternative 
options for investing in climate services for 
agriculture and food security? 
Synthesised ex-post evidence of impacts of climate 









Figure 7.  Listing of Relevant Metrics for Measurement of Food and Nutrition Security (FNS), 
adapted from Jones et al. (2013) 
  
Category of Food and Nutrition Security Indicator Observational Level Comment
Food availability
Calories, Household Household Production - sales + purchases - losses (not just yields)
Calories, Regional Regional Regional Production, converted to calories
Protein, Household Household Production - sales + purchases - losses (not just yields)
Protein, Regional Regional Regional Production, converted to protein
Micronutrients, household Household Production - sales + purchases - losses (not just yields)
Micronutrients, Regional Regional Regional Production, converted to (multiple) micronutrients
Food Access Household
Household Food Insecurity Access Scale (HFIAS) Household
Food Insecurity Experience Scale (FIES) Household
Household Hunger Scale (HHS) Household
Coping Strategy Index (CSI) Household
Household Dietary Diversity Score (HDDS) Household
Food Consumption Score (FCS) Household
Months of Inadequate Household Food Provisioning (MIHFP) Household
Food Consumption Expenditures per Capita Household
Food intake, calories per capita Household
Food intake, protein per capita Household
Food intake, micronutrients per capita Household
Infant and Young Child Dietary Diversity Score (IYCDDS) Individual
Women's Dietary Diversity Score (WDDS) Individual
Individual Dietary Diversity Score (IDDS) Individual
Minimum Dietary Diversity-Women (MDD-W) Individual
Utilization
Anthropometry Individual HAZ, WHZ, WAZ, MUAC, BMI, Skin fold measurements
Stability
Resilience Metrics, for any of the indicators above Household
Time series data on any indicators above Household




Table 3.  Characterization of N=70 Studies Reviewed in Detail for the Synthesis 
Category of Output 
Theme 














Impact of Climate or 
Climate Change on FNS 
Outcomes 
3 2 1  1 7 
Impact of Climate or 
Climate Change on 
Potential FNS 
Correlatesa 




2     2 
Impacts of Climate-
related Interventions on 
FNS Outcomes 
2 1 1   4 
Impacts of Climate-
related Interventions on 
Potential FNS 
Correlatesa 
1 1 1   3 
Other, not in categories 
above 
7 5 3 20 3 38 
No CCAFS 
acknowledgement 
2 4 1 2 1 10 
Total 19 13 7 24 5 70 
a Potential FNS Correlates include outcomes such as yields or production or food (nutrient) availability, which 
technically do not meet the criteria for inclusion but are summarized here because the studies were reviewed 
in depth based on initial review. 
Note:  Empirical analysis means that data were analyzed with one or more methods or that quantitative 
results were obtained.  Conceptual analysis means that a framework linking elements was developed (not 
just application of a previous framework).  Literature review is a broader discussion of linked elements based 
on previous literature, which typically would include both empirical and conceptual components.  Descriptive 
work means that the document provided either empirical or conceptual information, but generally the 
elements characterized past or current status were discussed without linking different elements.  Methods 
development includes work that evaluated methods of analysis or data collection.




Table 4.  Comments from CCAFS Program Units Regarding FNS-Related Knowledge Gaps and Proposed Implementation Actions 
Source Knowledge Gaps Implementation Actions 
Flagship 1:  Policies and 
Priorities for CSA  
Use input from nutritionists to better understand 
knowledge gaps and set up research projects to fill 
those gaps 
Bring more nutritionists on board in our climate change 
efforts to think more deeply about how we can look at 
possible outcomes 
(L. Cramer) More rigorously examine possible effects of 
interventions 
 
PMU More clearly articulate the multiple benefits and 
impacts from agriculture and assess how climate-
change solutions affect those 
School feeding programs 
(B. Campbell) As dietary transformation occurs in lower-income 
countries explore the complementarities between 
nutritious and carbon-friendly diets 
Climate-related actions to further develop local and 
national food economies, including good seasonal 
forecasts, climate-resilient crops 
West Africa Regional Program Elaborate a more exhaustive and comprehensive impact 
pathway and theory of change that maps and 
documents the process through which all the projects 
and activities contribute to the SDGs particularly food 
security, health, nutrition, poverty, and gender aspects 
Activities that directly improve productivity while 
enhancing farm decision making  
(A. Didjo) 
 
Development of viable Public-Private Partnership (PPP) 
business models   
Promote the adoption of CSA  
  
Develop bankable proposals to attract funds into CSA 
  
Government policies that promote CSA 
South Asia Regional Program 
 
Implementation of additional Climate-Smart Villages 
(P. Shirsath) 
 
Application of decision support tools for food security 
monitoring  
Latin America Regional 
Program 
Understand how current context creates barriers that 
prevent farmers from accessing food and having a 
diverse and nutritious diet 
Scale successful innovations that improve food and 
nutrition security 
(D. Martínez Barón) Information about how to overcome these barriers, for 
example, what can we do at the farm, landscape, or 
policy level? 
Generate tools and innovations to address the lack of 
food and nutrition security information  




Source Knowledge Gaps Implementation Actions  
Knowledge about how climate services can help farmers 
have greater access to healthy and nutritious diets 
Provide evidence to practitioners in the development 
and implementation of development projects related to 
food and nutrition security.  
Understand how the achievement of goals in food and 
nutrition security can be affected by climate change and 
variability. 
Provide evidence to inform policy makers about 
implementation of public policies related to food and 
nutrition security. 
Flagship 3:  Low Emissions 
Development 
Agriculture mitigation options that can also contribute 
to other objectives: enhancing agriculture production, 
efficiency in resource use, and minimize food loss and 
waste 
  
(A. Khatri-Chhetri) Incentive and investment mechanisms to scale up 
existing and new agricultural best practices 
  
 
Research on plant-based meat alternatives   
Flagship 4: Climate Services 
and Safety Nets 
Understanding of best practices, policy and 
investment incentives for Digital Climate-informed 
Advisory Services (DCAS) 
Ensure that marginalized communities are equally 
served by advisories according to their intersectional 
needs, including those that may not have access to 
digital tools 
(A. Rose) More evidence is needed on DCAS and impacts to guide 
investments and policies 
DCAS should take an integrated approach to the extent 
possible through measures such as bundling with other 
services and aligning with broader sectoral investments  
 
Monitoring, evaluation and learning to continuously 
assess the quality, reach and benefits of the service 
  
Gender, Climate Change, and 
Nutrition Integration 
Initiative (GCAN)  
Impact of climate change on access to clean water, 
more generally Water Sanitation and Hygiene (WASH) in 
rural areas. What will be the implications for time 
requirements and expenditures and their impacts? 
  
(C. Ringler) Implications of heat stress on labour productivity in 
agricultural production and its implications for FNS 
  




Source Knowledge Gaps Implementation Actions 
Flagship 2:  Climate-Smart 
Technologies and Practices 
Deeper assessment of food security aspects (often 
“merged” with the notion/pillar of productivity) not to 
say about nutrition which is very rarely incorporated in 
CSA studies  
Silos need to be broken between climate change, CSA 
and nutritionist researchers and their partner 
institutions 
(O. Bonilla Findji) 
 
  
Note:  No information regarding knowledge gaps or implementation actions was received from the East Africa or Southeast Asia Regional Programs. 
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Appendix 1. Food Security Concepts and Limitations of Food Availability 
Metrics Adapted from Nicholson et al., 2021. 
Food Security Concepts and Indicators 
Jones et al. (2013) describes four commonly-recognized dimensions of food security, namely 1) food 
availability; 2) food access; 3) food utilization; and 4) stability over time (Figure A1).  More specifically, 
these dimensions have been identified and documented as distinct but interrelated aspects of food 
security status at levels from individuals to nations.  Further, food security cannot be fully assessed 
without consideration of each of these dimensions (Upton et al. 2016).   
Food availability was among the first food security metrics used from the 1950s to the 1970sand has 
focused on food balance tables or aggregate commodity production (Upton et al., 2016; Jones et al. 
2013).  Availability is most often measured at a national or regional scale, consistent with its initial 
purpose to assess whether increases in food production would be sufficient for growing populations and 
concerns about the negative impacts of supply shocks on food prices.  In agricultural systems modeling, 
availability is most frequently represented at the national level by supply (production plus net imports) 
at the farm or household levels by production or yields per unit land. 
Food access metrics date from the 1980s, following Sen’s (1981) work on how entitlements influence 
food security.  Food access goes beyond food availability to consider acquisition patterns and processes 
that govern distribution of available food, which focuses greater attention on inequities and constraints 
to food entitlements.  Food access is most often assessed at the level of the household or individual 
(Jones et al., 2013).  Food access has multiple dimensions (Figure A1) and thus many potential metrics 
(Appendix Table 1). The more recent literature from the nutrition field has focused on the development 
and application of experienced-based indicators of food access, which rely on an individual’s subjective 
assessment of her or her household’s recent ability to access food.  These experienced-based metrics 
represent key aspects of food access and acquisition, as well as temporal consumption patterns and 
important quality metrics of acquired food, like dietary diversity.  Specific indicators include the Food 
Insecurity Experience Scale (FIES) or Household Food Insecurity Access Scale (HFIAS), both of which use a 
series of yes/no questions to assess the food security experience of an individual or household.  The 
Household Dietary Diversity Scale (HDDS) measures the quantity and quality of food access at the 
household level by measuring consumption of 12 food groups by any household member in the previous 
24 hours.  Additional detail on these metrics and others is in Appendix Table 1. 





Figure A1.  Dimensions of Food Security and Causal Factors Relevant for Consideration of Linkages 
with Agricultural Systems Analyses (Jones et al., 2013) 
Food utilization has received more attention since the 1990s and focuses on food allocated, food 
consumed and resultant nutritional status for individuals.  Indicators of utilization summarize and 
synthesize data on intra-household allocation of a household’s acquired food, the nutritional and overall 
quality of this food and the capacity of different household members to metabolize the nutrient-content 
of acquired food, which may vary across individuals due to their health status or the status of 
complimentary systems, like access to water and other health systems (Jones et al., 2013).  Examples 
include anthropometry scores, particularly for children, such as the height-for-weight score, or mid 
upper-arm circumference measurements, as compared to a reference population for a given age and 
gender.  Standard weight and mid upper-arm circumference measurements are rapid to administer and 
require relatively less training as compared to recumbent length or standing height measures used to 
assess child stunting. These anthropometric data along with age information are commonly collected as 
part of large-scale surveys to develop anthropometric indices that can be used for assessing the 
utilization component of food security. 
Stability is an additional dimension of food security but is qualitatively different because it addresses 
the intertemporal behavior of the other three dimensions.  The stability dimension of food security 
refers to the stability over time of the availability, access and utilization dimensions at all times including 
the impact of extreme weather events, energy scarcity, and economic or social disruption (Pangaribowo 
et al., 2013).  Metrics employed to assess stability are diverse, but have included those at the Individual 
level (e.g., number of days unable to work), the household level (e.g., number of days of household food 
stocks) and national levels (e.g., index of variability of food production).  More recent literature (e.g., 
Upton et al. 2020; Cissé and Barrett, 2018; Béne et al., 2016; Upton et al., 2016) has noted the 
conceptual overlap of the stability component of food security and resilience concepts from socio-
ecological analyses, including the specification of stability metrics that encompass availability, access 
and utilization. 
The nature of these indicators suggests challenges in the conceptual framing of analyses of food security 
and implementation of empirical analyses.  First, the indicators frequently have been applied at different 
levels of aggregation (scales) ranging from national aggregates for food availability to individual status 




for food utilization (Jones et al., 2013).  Second, multiple scales indicate differences in the causal 
processes that would be appropriate to consider in a modeling framework.  For example, modeling 
national-average crop yields would employ different methods than modeling yields at plot level.  In 
principle, differences of scale can be addressed in agricultural systems analyses (for example, by 
modeling only household-level outcomes), but this creates a conceptual gap between the typical usage 
by human nutritionists and the practice of the agricultural systems modeling community.  Finally, these 
indicators are to some degree hierarchical.  Food availability is a prerequisite for food access, and food 
access is a prerequisite for food allocation utilization.  Stability requires that each of availability, access 
and utilization is adequate over time, even in the face of shocks. 
Avoid equating food availability with food security 
Our analyses indicated that the most common indicator of food security in the studies reviewed 
(particularly simulation modeling studies) was food availability.  Variables for food production (e.g., crop 
yields) are common in agricultural systems models, which makes them convenient and relevant for 
assessment of food security.  However, the use of these indicators as the only indicators of food security 
can be misleading when the underlying assumption is that ‘more food’ equates to improved food 
security.  As noted above, food security is a multi-dimensional concept and in principle all dimensions 
matter for determining if a population is food secure.  The use of availability as a proxy for the other 
dimensions is more appropriate when there is a high degree of correlation between availability and 
other outcomes.  A growing body of empirical evidence to the contrary arose during the 1980s for 
assessments at an aggregate level (Upton et al., 2016). 
Efforts to operationalize food access indicators were motivated in part by the recognition that food 
availability is necessary but not sufficient for the achievement of food security at national, regional, 
household or individual levels.  Food insecurity can exist for some populations in times and places with 
adequate aggregate food supply and availability.  For example, it has been broadly recognized that 
national-level food availability is only weakly correlated with indicators of undernutrition, with child 
underweight rates, varying widely across countries with the same levels of average per capita energy 
supplies (Haddad and Smith, 1999), which also reflects the challenges of assessing food security 
outcomes at different levels of aggregation.   
Further, most low-income rural farming families depend predominantly on purchased food rather than 
home-produced food for household consumption (Global Panel, 2016), so even for these households 
analyzing agricultural yields is not sufficient to account for all food consumed.  Finally, many conceptual 
frameworks (e.g., Kadiyala et al., 2014; Randolph et al., 2007) recognize that complex pathways exist 
between increased agricultural production and food security outcomes—for example, that increased 
production may be sold and used for purposes that have little or even negative effects on food security 
outcomes.  Therefore, capturing own production on farms or production at regional scales is not 
sufficient for understanding households’ and individuals’ experience of food insecurity, which entails 
considerable access to markets, dependence on food prices, and interactions with diverse food 
environments. 




Thus, developers of empirical agricultural systems models and other analyses could improve the 
accuracy of the descriptions of their contributions to knowledge if they exercised more caution in stating 
that their work represents “food security” outcomes.  This recommendation is easily implemented at a 
very low cost.  If a modeling analysis focuses only on food availability outcomes such as production or 
yields, these could be described as “potential contributions to improved food security”, rather than as 
more definitive indicators of “food security”.  Such analyses could also discuss their results as relevant to 
the food availability dimension of food security, but this aligns less well with the higher level of 
aggregation used by human nutritionists. 
Incorporate food access indicators 
We recommend that agricultural systems models focus to a much larger extent than previously on 
incorporating food access indicators.  As noted above, the historical development of food security 
indicators started with availability, added access, and focused more recently on utilization.  That may 
seem to imply that agricultural systems models should now focus on utilization (and a few already do).  
However, we argue that given the current characteristics of agricultural systems models and the 
hierarchical relationships among indicators, inclusion of food access indicators is an appropriate goal. 
Inclusion of sufficient consideration of the utilization dimension of food security in agricultural systems 
models would be quite challenging.  Utilization typically assesses individual nutritional outcomes that 
result from the amount and quality of food actually consumed by individuals.  There are significant 
challenges to assessing individual-level health and nutritional status without hard-to-obtain clinical 
health and nutrition indicator data.  Considerable difficulty in ascribing a causal relationship between 
agricultural production indicators and individual-level diet or nutrition outcomes can result. Agricultural 
production and diet or nutrition outcomes are often conceptually “distant” from one another and there 
is an abundance of potential mediators along the causal pathways that present challenges for 
interpreting such relationships. Food access, on the other hand, captures many of these mediators (e.g., 
market access, household income, preferences), is more closely related to the nutrition outcomes of 
interest, and is therefore easier to conceptualize and model as a direct determinant of these outcomes.  
Ballard et al. (2013) also note growing evidence that “the utility of anthropometric measures as proxy 
indicators of household food security is questionable” and indicate that experience-based indicators 
“can be used to complement anthropometric data and potentially identify vulnerable populations 
before malnutrition becomes manifest.” 
We recommend that three food access indicators would have high value and greater potential to be 
incorporated into agricultural systems models at present.  These three indicators are 1) food 
consumption expenditures, 2) experience-based food insecurity scales such as the Food Insecurity 
Experience Scales (FIES) or the Household Food Insecurity Access Scale (HFIAS), and 3) measures of 
household dietary diversity such as the Household Dietary Diversity Score (HDDS).  These metrics are 
complementary representations of food access, given its multiple dimensions (Figure A1).  Food 
consumption expenditures link incomes earned through agriculture for farming households with their 
food consumption choices, and align with conceptual and analytical frameworks for analyzing household 




decision making, such as the Agricultural Household Model (Singh et al., 1986).  FIES and HFIAS are 
experienced-based metrics represent key aspects of food access and acquisition, as well as temporal 
consumption patterns.  HDDS and similar scales assess one important quality metric of acquired food, 
dietary diversity.  As has been recognized (e.g., Upton et al., 2020; Béné et al., 2016; Upton et al., 2016) 
different metrics can yield different conclusions about the food security status of populations, so the use 
of multiple metrics for food access is appropriate when feasible. 




Appendix Table 1: Household- and Individual-level Indicators of Food Insecurity with a Focus on Access 






Measures whether household has enough food or 
money to meet basic food needs and on behavioral 
and subjective responses to that condition; 18 items 
(8 of which are specific to households with minors). 
Annually as part of the Current Population Survey, incorporated into the 
National Health and Nutrition Examination Survey (NHANES) as well as 





Represents universal domains and subdomains of 
experiencing lack of food access; sums responses to 
9 questions related to 4 domains of HFI including 4-
level frequency response questions 
Widely used as part of independent research efforts and evaluation of 
NGO food security projects. The data to construct this indicator are likely 





Similar to HFIAS. Includes 15 questions addressed to 
the main household meal preparer that assess 
household experiences of inadequate food access in 
the previous 3 months resulting from a lack of 
resources to purchase or otherwise acquire food. 
Eight questions pertain to the experiences of adults 
in the household, and seven questions are focused 
on the experiences of children and adolescents.  
Validated for use in various Latin American and Caribbean countries and 
is therefore recommended for use over the HFIAS in these contexts, 
though because of its regional application, data for it are not as widely 




8 questions with dichotomous responses that ask 
respondents to report experiences of FI of varying 
degrees of severity common across cultural contexts 
(12-month recall) 
This indicator is currently used primarily by the FAO to monitor national 
and global food security trends. In partnership with the FAO, the Gallup 
World Poll has been administering the survey to nationally representative 
samples in nearly 150 countries since 2014. Perhaps the most relevant for 
models meant to compare relationships between agricultural systems 




Developed as a subset of questions from the HFIAS 
to be used for cross-context comparisons. The focus 
is on assessing the "quantity" dimension of food 
access. The scale uses the last 3 items of the HFIAS 
(occurrence of severe experiences of food shortage). 
The HHS is also included in early warning or nutrition and food security 
surveillance systems and can inform humanitarian response. The data to 
construct this indicator are likely not widely available in the context of 
nationally representative datasets. 
Coping Strategies 








Assesses frequency of occurrence of increasingly 
severe coping strategies (i.e., behaviors people 
engage in when they cannot access enough food). 
There is no universal CSI, but rather a methodology 
to derive locally-relevant CSIs. 4 categories: 1) 
dietary change; 2) short-term measures to increase 
household food availability; 3) short-term measures 
to decrease the number of people to be fed; and 4) 
approaches to rationing or managing the shortfall 
Numerous independent research projects have used the CSI as have 
evaluations of NGO food security projects. The data to construct this 
indicator are likely not widely available in the context of nationally 
representative datasets, though some World Food Programme surveys 
have incorporated versions of the CSI into their surveys. 
Reduced CSI A comparative (reduced) CSI using a smaller set of 
pre-weighted strategies 
See comment above. 





This indicator assesses quantity and quality of food 
access at the household level by measuring 
consumption of 12 food groups by any household 
member in the previous 24 hours: 2 food groups for 
staple foods; 8 food groups for micronutrient-rich 
foods (i.e., vegetables; fruits; meat; eggs; fish; 
legumes, nuts and seeds; dairy); and 3 food groups 
for energy-rich foods  
Proxy measure of a household’s food access. It has not been validated as 
a proxy for nutrient adequacy. If the primary concern or research 
objective is to assess nutrient adequacy of the population, then dietary 
diversity should be collected using dietary diversity indicators at the 
individual, not household, level. However, if the objective is to assess 
economic access to food, then the household-level indicator is a more 
appropriate measure. This indicator is sometimes used as a proxy for 
household socioeconomic status and is one of the indicators frequently 
used to assess how interventions to increase household income have 




The indicator combines data on dietary diversity and 
food frequency using 7-day recall data. Respondents 
report on the frequency of household consumption 
of 8 food groups. The frequency of consumption of 
each food group is then multiplied by an assigned 
weight for each group and the resulting values are 
summed. This score is then recoded to a categorical 
variable using standard cutoff values.  
The World Food Programme uses the FCS as part of its Comprehensive 
Food Security & Vulnerability Analysis (CFSVA) tool to assess food security 
and vulnerability in crisis-prone populations.  The FCS has also been used 
in numerous independent research projects. The data to construct this 
indicator could be gathered from consumption/expenditure surveys or 
from CFSVA data.  
Dietary Diversity Indicators (Individual) 










Dietary diversity in complementary foods for 
children 6–23 mo (measure of micronutrient density 
of complementary foods). This score is used to 
generate the Minimum Dietary Diversity (MDD) 
indicator which assesses whether a child consumed 4 
or more of the 7 food groups identified by this 
indicator. 
This indicator has been used in numerous independent research projects 
and in evaluations of NGO food security projects. The data to construct it 
are largely available through Demographic and Health Survey data.  This 
indicator and the MDD-W are the only diet diversity indicators validated 
for use as proxies of nutrient adequacy of diets and as such, may be the 
most relevant to understanding the nutritional consequences of food 








Individual’s access to a variety of foods, a key 
dimension of dietary quality (meant to reflect 
probability of micronutrient adequacy of the diet for 
women of reproductive age (WDDS) or individuals > 
2 yr (IDDS); 16 food groups 
These indicators are newer and are beginning to be used in independent 
research projects and as part of evaluations of NGO food security 
projects. The data used to construct these indicators are likely not widely 
available in the context of nationally representative datasets, though 
efforts are underway to develop a similar indicator that would be 






Proxy indicator to reflect the micronutrient 
adequacy of women’s diets; 10 food groups  
This indicator is newer and is beginning to be used in independent 
research projects and as part of evaluations of NGO food security 
projects. The data used to construct this indicator currently are not 
widely available in the context of nationally representative datasets, 
though efforts are underway to develop a similar indicator that would be 
incorporated into national data monitoring efforts.  This indicator and the 
IYCDDS are the only diet diversity indicators validated for use as proxies 
of nutrient adequacy of diets 







Sums the number of months in past year household 
did not have enough food to meet the family’s needs 
Used in various independent research projects and in evaluations of NGO 
food security projects, but likely not as common as the experience-based 
indicators or diet diversity indicators noted above. 





Per capita (or per adult equivalent) food expenditure 
within a household 
Widely used in independent research projects. The data to create this 
indicator could be created from data from World Bank Living Standards 
Measurement Studies-style consumption/expenditure survey data which 
are primarily used to assess poverty. Such surveys are widely available 
throughout many LMICs (though the frequency of their implementation 
will vary widely) 









Percentage of household income spent on food Likely low availability of data given challenges of collecting accurate 
income data in LMIC settings. Expenditure data are much more common 
(and likely more reliable) in these settings. 





Energy consumption per capita or per adult 
equivalent  
Widely used in independent research projects. The data to create this 
indicator could be created from data from World Bank Living Standards 
Measurement Studies-style consumption/expenditure survey data which 
are primarily used to assess poverty. Such surveys are widely available 
throughout many LMICs (though the frequency of their implementation 
will vary widely) 




of energy from 
non-staples 
Consumption of energy from non-staples per capita 
or per adult equivalent 
The data to create this indicator could be created from data from World 
Bank Living Standards Measurement Studies-style 
consumption/expenditure survey data which are primarily used to assess 
poverty. Such surveys are widely available throughout many LMICs 
(though the frequency of their implementation will vary widely). This 
indicator could complement per capita energy consumption data and be 
calculated based on data from a comprehensive list of foods in a 
household consumption module.  Proportion of calories consumed from 
non-staples would be an alternative framing of this indicator. 
Nutrient 
poverty 
Whether a household falls below a minimum 
expenditure threshold for average cost of predefined 
food, energy, and/or nutrient basket 
Not widely used but has been used in some independent research 
projects. The data to create this indicator could be created from data 
from World Bank Living Standards Measurement Studies-style 
consumption/expenditure survey data which are primarily used to assess 
poverty. Such surveys are widely available throughout many LMICs 
(though the frequency of their implementation will vary widely) 
 
 




Numerous experience-based food security metrics and methods have been developed that go beyond 
availability into the other critical dimensions of food security (see Appendix 1 Table above).  The 
Household Food Security Scale Module (HFSSM) was developed for use in the United States based on 
this formative research (US HFSSM, www.ers.usda.gov/media/8271/hh2012.pdf), and subsequently the 
Household Food Insecurity Access Scale (HFIAS; technical details can be found at 
fantaproject.org/monitoring-and-evaluation/), Latin American and Caribbean Food Security Scale 
(ELCSA; Pérez-Escamilla et al., 2007), the Food Insecurity Experience Scale (FIES; Cafiero et al., 2016), 
and the Household Hunger Scale (HHS; Deitchler et al., 2010) were developed for assessing food 
insecurity in a similar fashion (Ballard et al, 2013). These tools use short questionnaires, typically 
administered to a household member responsible for food preparation, to assess a household’s or 
individual’s recent experience of anxiety about having enough food to eat, as well as whether they had 
access to an adequate quality and quantity of food.  Given the combination of information gathered 
about food sources, quality and acquisition patterns, these indicators are often used to provide insights 
broadly into the food access dimension of food security, as distinct from availability and supply side 
considerations that are not necessarily tied to the foods chosen, used and consumed by households and 
individuals.  
Assessing coping strategies is another approach to understanding food insecurity, particularly in the 
food access domain, via uncovering how households maintain access in the face of shocks. The Coping 
Strategies Index (CSI) assesses the frequency of occurrence of increasingly severe coping strategies (i.e., 
behaviors people engage in when they cannot access enough food) to derive an overall score for each 
household.  Dietary diversity indicators can be further used in part as a proxy for food access, in addition 
to assessing nutrition and other health issues. These indicators typically provide a count of different 
food groups recently consumed by a household or individual. The Household Dietary Diversity Score 
(HDDS) and Food Consumption Score (FCS; https://undatacatalog.org/dataset/food-consumption-score) 
are household-level diet indicators. The HDDS is primarily used as an indicator of economic access to 
food given its inclusion of energy-rich foods (e.g., vegetable oils and sugars), whereas the FCS, though 
similarly including such energy-rich food groups, also weights these food groups according to a 
subjective weighting scaled aimed at deriving an index more aligned with nutrient adequacy. The Infant 
and Young Child Dietary Diversity Score (IYCDDS; WHO, 2008) (and related Minimum Dietary Diversity 
(MDD) indicator), the Women’s (WDDS) and Individual Dietary Diversity Score (IDDS; FAO, 2011), and 
the Minimum Dietary Diversity for Women (MDD-W; FAO, FHI 360, 2016) are all individual-level dietary 
diversity scores.  The MDD and MDD-W have been validated as indicators of the micronutrient adequacy 
of diets of young children and women, respectively. Useful summaries can also be found at the 
International Dietary Data Expansion Project (https://inddex.nutrition.tufts.edu/data4diets/indicators). 
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